Based on effective medium theory, the temperature dependence of effective dielectric permittivity, ε e (T), on the core radius (a) and thickness (t) of nonferroelectric dead layer (DL) on the surface of inhomogeneous grains of ferroelectric film made up of cylindrical ferroelectric grains was theoretically investigated. It was found that ε e (T) increases with increasing core radius and decreases with increasing DL thickness. In this study, an equation expressing the relationship among ε e , a and t was derived. This equation is useful for preparing ferroelectric film to desired properties.
INTRODUCTION
(Ba,Sr)TiO 3 (BST) thin film is a leading candidate among high dielectric materials for producing high-density, dynamic, random-access memory. The size of the dielectric constant of a thin ferroelectric film depends on its thickness. Since the tiny size of modern devices require films thinner than tens of nanometers, its dielectric constant is markedly suppressed, making it an apparently less attractive choice. This suppression phenomenon is referred to as effect of grain size. In order to explain this effect, a postulate of "dead layer" (DL) was proposed (Lee and Hwang, 2000) . It was confirmed later by a study of a BST thin film based on a series capacitor model (Chen et al., 2004 ) that each of the film's grains has a ferroelectric core surrounded by a non-ferroelectric surface dead layer that drastically alters the effective permittivity of the film. Because this dependency is so important in making a decision whether to use this material, a more in-depth investigation of the effect of grain size on thin ferroelectric film is clearly warranted.
Based on an average field method, Vendik et al. (2007 Vendik et al. ( , 2008 theoretically studied the dependence of effective dielectric permittivity of a nanostructured ferroelectric film on the size of its spherical and elliptical grains and the thickness of these grains' DL. He found a similar dependency trend to a previous experiment (Vendik et al., 1997) .
